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ABSTRACT: 

PURPOSE: To obtain a heat conducting electric insulating sheet with high 
heat conductivity by forming silicone rubber layers containing a different heat 
conducting inorganic filler material on one face or both faces of a mesh-shaped 
electric insulator filling-processed with a silicone rubber filling processing 
agent containing a heat conducting inorganic filler material. 

CONSTITUTION: Filling processing is applied to a mesh-shaped electric 



3/10/06, EAST Version: 2.0.3.0 



insulator with a silicone rubber filling processing agent 2 containing a heat 
conducting inorganic filler material, then a silicone rubber layer 4 containing 
a heat conducting inorganic filler material different from the above on one 
face or both faces of an unvulcanized mesh-shaped electric insulator filling 
layer 3, and the mesh-shaped electric insulator filling layer 3 and the 
silicone rubber layer 4 are concurrently vulcanized. The silicone rubber layer 
4 is satisfactorily stuck to the mesh-shaped electric insulator filling layer 
face, and an electric insulating sheet with high heat conductivity can be 
efficiently manufactured. 
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Specification /65* 

1. Name of this Invention 

HEAT CONDUCTING ELECTRIC INSULATING SHEET AND ITS MANUFACTURE 

2. Claim(s) 

[1] Heat conducting electric insulating sheet comprising a 
silicone rubber layers containing a heat conducting inorganic filler 
material formed on one face or both faces of a mesh- shaped electric 
insulator filling-processed with a silicone rubber filling processing 
agent containing a heat conducting inorganic filler material which is 
different from the heat conducting inorganic filler material of the 
silicone rubber layers. 

[2] Production method of heat conducting electric insulating 
sheet comprising a step of applying filling processing to a mesh- 
shaped electric insulator with a silicone rubber filling processing 
agent containing a heat conducting inorganic filler material, a step 
of forming a silicone rubber layer containing a heat conducting 
inorganic filler material different from the above on one face or 
both faces of an unvulcanized mesh-shaped electric insulator filling 
layer, and a step of concurrently vulcanizing the mesh-shaped 
electric insulator filling layer and the silicone rubber layer. 



Numbers in the margin indicate pagination in the foreign text. 
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3. Detailed Explanation of this Invention 
[Industrial Field] 

This invention pertains to an inexpensive heat conducting 
electric insulating sheet having excellent heat conductivity 
effectively used as an insulating heat -radiating sheet, etc. applied 
when a heat -generating electronic part is mounted onto a heat- 
discharging fin or metallic heat-radiating plate. Also, this 
invention pertains to the production method of heat conducting 
electric insulating sheet thereof. 

[Conventional Technology and Problems to be Solved by this Invention] 
Conventionally, heat -generating electronic parts, such as power 
transistor, thyristor, rectifier, transistor, etc. generate heat when 
used. Therefore, heat from these heat -generating parts is released 
using a heat -discharge fin or metallic heat-radiating plate. In this 
case, a heat- conducting electric insulating body shaped as a sheet 
is placed between these parts. 

The most commonly used heat -conductive electric insulating sheet 
is prepared by molding a silicone rubber composition containing a 
heat -conductive inorganic filler, such as quartz, alumina, boron 
nitride, etc. into a sheet and vulcanizing the sheet. 

Moreover, in order to increase the mechanical strength of a 
heat -conductive electric insulating sheet, a mesh-shaped insulator /66 

is often used. Example is a heat -conductive electric insulating 
sheet having a silicone rubber layer on one side or both sides of 
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mesh-shaped insulator. As a material of mesh-shaped insulator, glass 
cloth is most commonly used for its excellent insulating property, 
strength, and low price. To laminate a silicone rubber layer on the 
mesh-shaped insulator which is typically a glass cloth, a mesh-shaped 
insulator is continuously supplied to a calendar roller, on which a 
silicone rubber composition gradually discharged (hereafter, called 
as calendar process method) , or a silicone rubber composition 
dissolved with a solvent, etc. is coated on the mesh-shaped insulator 
(hereafter, called as a coating method) . 

However, as the abovementioned calendar process method creates a 
stress, such as pulling and tearing, to the mesh-shaped insulator 
during the process, the problems associated with broken mesh-shaped 
insulator tend to occur. On the other hand, the coating method 
causes the melted silicone rubber composition liquid to elute out 
from the mesh of the mesh-shaped insulator, thereby resulting in low 
workability. 

Therefore, as a new method capable of solving the problems of 
these calendar process method and coating method, after a mesh- shaped 
insulator is soaked in a filling-processing agent solution and 
pressed beforehand, a silicone rubber layer is formed on this 
filling-processed mesh-shaped insulator face using the abovementioned 
calendar process method or coating method. In this case, as a 
filling-processing agent, a material which has an insulating 
property, heat conductivity, and excellent adhesiveness to the 
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silicone rubber layer is suitably used, where normally, the material 
mainly consists of a silicone rubber and heat conductive inorganic 
filling agent which are same kinds as the silicone rubber layer raw 
materials . 

However, the heat conductivities of heat -conductive electric 
insulating sheets obtained by both methods described above are not 
sufficient. Therefore, a heat -conductive electric insulating sheet 
having improved heat conductivity and its production method need to 
be developed. 

[Method and Operation for Solving the Problems] 

The developers of this invention investigated a method for 
producing a highly heat -conductive electric insulating sheet and 
discovered that, when the heat conductive inorganic filling agent of 
silicone rubber filling processing agent used for filling-processing 
a mesh- shaped electric insulator was different from the heat 
conducting inorganic filler material of the silicone rubber layer 
laminated on one face or both faces of a filling-processed mesh- 
shaped electric insulator, the heat resistance became lower than the 
case when the same material is used for both heat conducting 
inorganic filler materials. Thus, a high heat conductivity could be 
obtained. 

Furthermore, in this case, by simultaneously vulcanizing the 
unvulcanized mesh-shaped electric insulator filling-processed with a 
silicone rubber filling-processing agent containing a heat conducting 
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inorganic filler material and the abovementioned silicone rubber 
layer containing a heat conducting inorganic filler material 
laminated on one face or both faces of the filling-processed mesh- 
shaped electric insulator, adhesiveness could be improved between the 
abovementioned filling-processed mesh-shaped electric insulator and 
silicone rubber layer. Hence, this invention was completed. 

Therefore, this invention provides a heat conducting electric 
insulating sheet comprising a silicone rubber layers containing a 
heat conducting inorganic filler material formed on one face or both 
faces of a mesh-shaped electric insulator filling-processed with a 
silicone rubber filling processing agent containing a heat conducting 
inorganic filler material which is different from the heat conducting 
inorganic filler material of the silicone rubber layers. 
Furthermore, this invention provides a production method of heat 
conducting electric insulating sheet comprising a step of applying 
filling processing to a mesh-shaped electric insulator with a 
silicone rubber filling processing agent containing a heat conducting 
inorganic filler material, a step of forming a silicone rubber layer 
containing a heat conducting inorganic filler material different from 
the above on one face or both faces of an unvulcanized mesh- shaped 
electric insulator filling layer, and a step of concurrently 
vulcanizing the mesh-shaped electric insulator filling layer and the 
silicone rubber layer. 
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Hereafter, this invention is further explained in detail. 

As shown in Figs. 1 and 2, the heat conductive electric 
insulation sheet 1 of this invention is prepared by forming a 
silicone rubber layer 4 containing a heat conducting inorganic filler 
material, on one face (Fig. 1) or both faces (Fig. 2) of mesh- shaped 
electric insulator 3 filling-processed with a silicone rubber 
filling-processing material 2 containing a heat conducting inorganic 
filler material which is different from the filler material included 
in the silicone rubber layer 4. 

The mesh-shaped electric insulator can be made of a material 
having an electric insulation property, such as glass cloth, various 
kinds of cloths consisting of polymers, etc., where a glass cloth I SI 

is particularly preferred for its strength. 

Furthermore, to prepare an electric insulator having a mesh- 
shaped structure using the abovementioned electric insulation 
material, the mesh space and thickness can be adjusted corresponding 
to the purpose of the producing device. However, the thickness of 
mesh- shaped electric insulator should be 0.2 mm or less. If the 
thickness exceeds 0.2 mm, the heat conductivity may worsen. 

As the silicone rubber substance used as a silicone rubber layer 
and as the silicone rubber filling-processing material for filling- 
processing the electric insulator, any material may be used as long 
as it is vulcanizable, and is selectable corresponding to the 
vulcanizing method. For example, when vulcanizing using an organic 
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peroxide, dimethyl polysiloxane or dimethyl polysiloxane containing a 
vinyl radical is used. When vulcanization is conducted using 
dimethyl hydro diene polysiloxane containing a SiH radical as a 
bridging agent, and a white gold compound as a catalyst, dimethyl 
polysiloxane having at least two vinyl radicals is preferably used. 

Furthermore, as the heat conducting inorganic filler material 
used as the filling-processing material of electric insulator and 
silicone rubber layer, inorganic powder having excellent heat 
conductivity is preferably used. Practical examples are alumina, 
magnesium oxide, zinc oxide, silicone carbide, aluminum nitrate, 
boron nitrate, black lead, quartz, etc. which can be used 
individually or mixed. Quartz, alumina, boron nitrate, etc. are 
particularly preferably used considering the price and capacity. 

Also, the composition ratio of heat conducting inorganic filler 
material is determined corresponding to the filling-processing 
material and silicone rubber layer, wherein the preferred composition 
ratio is different depending on the kind of heat conductive inorganic 
filling material. The preferable composition ratio of each heat 
conducting inorganic filler material per 100 parts (weight parts, 
hereafter designates the same) of silicone rubber substance is 300 - 
1200 parts in the case of quartz, alumina, and aluminum nitride; and 
100 - 500 parts in the case of boron nitride. If the composition 
ratio of heat conducting inorganic filler material is less than the 
abovementioned range, heat conductivity may become insufficient. On 
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the other hand, an excessive amount lowers the mechanical strength 
and electric insulation property of the silicone rubber mold, also 
lowering the rubber elasticity to cause insufficient contact with the 
heat releasing material of the heat discharging electronic part, 
which may decrease the heat conductivity effect. 

Moreover, as other components, specific amounts of vulcanizing 
agent or crosslinking agent and reaction catalyst are added to the 
silicone rubber composition for forming the silicone rubber layer. 
In addition, if necessary, a reinforcement filler such as silica, 
process helper, flame retardant, hardening control agent, adhesion 
enhancer, coloring prevention agent, etc. may be added. 

The heat conductive electric insulation sheet of this invention 
comprises two different kinds of heat conductive inorganic filling- 
processing materials, one for the first heat conducting inorganic 
filler material for the silicone rubber filling processing agent 
applied for filling- processing the mesh-shaped electric insulator 
and the other for the second heat conducting inorganic filler 
material for the silicone rubber layer. 

In this case, at least two kinds of filling-processing materials 
must be used for the first and second applications. That is, if only 
one kind of material is used as the first filling-processing 
material, and plural materials are sued as the second filling- 
processing material, said one kind of material must be different from 
any of the plural materials of the second filling-processing material 



9 



(the same is true for the case when one kind of material is used as 
the second filling-processing material, and plural kinds are used as 
the first filling-processing material.) Furthermore, if both the 
first and second filling-processing materials consist of plural 
materials, every material in one group is different from the material 
in the second group. 

The granular diameters and composition amounts of the first and 
second filling materials may be different or identical. 

Furthermore, when a silicone rubber layer is provided on both 
sides of the filling-processed electric insulator as shown in Fig. 2, 
the filling materials in both layers may be identical or different. 
Moreover, the granular diameters, composition amounts, and also 
silicone rubber compositions of the first and second filling 
materials may be different or identical. However, considering the 
productivity, an identical silicone rubber composition is preferably 
used for forming both silicone rubber layers. 

In addition, the silicone rubber component in the filling- 
processing material of the electric insulator and the silicone rubber 
component in the silicone rubber layer may be the same or different. 
However, it is preferably the same material considering the 
adhesiveness between the filling-processed electric insulator and 
silicone rubber layer. 
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When manufacturing the heat conducting electric insulating /68 
sheet, after filling-processing is applied to the mesh-shaped 
electric insulator using a silicone rubber filling processing agent 
containing a heat conducting inorganic filler material, a silicone 
rubber layer containing a heat conducting inorganic filler material 
which is different from the abovementioned material is applied on one 
side or both sides of the unvulcanized mesh- shaped electric insulator 
filling-processing layers. Then, the filling-processing layer of the 
mesh- shaped electric insulator and silicone rubber layer are 
preferably simultaneously vulcanized. 

For filling-processing the mesh-shaped electric insulator, as in 
the case of regular technique, the filling-processing material is 
dissolved in an organic solvent (e.g., toluene, xylene, acetic acid 
ethyl, trichloroethylene, tetrachloroethylene, etc.), and the mesh- 
shaped electric insulator is soaked in this processing liquid and 
pre ss - adhered . 

Moreover, to laminate a silicone rubber layer, the regular 
method, such as the abovementioned coating method, calendar 
processing method, etc., may selected according to the type of sheet, 
etc. When the silicone rubber layer is laminated using a coating 
method, the silicone composition is dissolved using an organic 
solvent such as toluene in the same manner as described with the 
filling-processing method, so as to prepare a coating solution of 
appropriate concentration. 
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As described above, this invention uses mutually different heat 
conducting inorganic filler materials for the electric insulator 
filling-processing layer and silicone rubber layer. However, in this 
case, it is economically advantageous if the expensive boron nitride 
is used as the filling-processing layer, and inexpensive alumina is 
used for the silicone rubber layer. Furthermore, it is more 
advantageous if the filling material of the silicone rubber layer is 
selected according to the laminating method. The expensive boron 
nitride having excellent heat conductivity causes molecular structure 
changes when being exposed to the roller-kneading process and may 
lower its heat conductivity, and therefore, it is preferably used 
with a coating method. On the other hand, alumina, etc. which are 
inexpensive and have relatively excellent heat conductivity can be 
used for both the calendaring and coating methods. 

In the case of production method based on this invention, after 
providing filling-processing to the mesh-shaped electric insulator, 
the unvulcanized filling-processing material of the silicone rubber 
is laminated to the mesh-shaped electric insulator. Then, these 
layers are simultaneously vulcanized. In this case, although it 
depends on the kinds of silicone rubber component and vulcanizing 
agent, the preferable vulcanizing condition is the heat process at 
120 - 200 °C for 5-30 minutes. 
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[Effect of this Invention] 

As described above, the heat conducting electric insulating 
sheet of this invention has high heat conductivity and can be widely 
utilized (e.g., being placed between a heat -generating electronic 
part and heat -radiating fin/metallic heat releasing plate) . 
Furthermore, with the production method of this invention, the 
silicone rubber layer is strongly adhered to the surface of the 
filling-processed mesh-shaped electric insulator. Therefore, the 
abovementioned highly heat conductive electric insulation sheet can 
be efficiently, economically, and advantageously produced. 

Hereafter, the operational examples and comparison examples are 
described so as to practically explain this invention. However, note 
that this invention is not limited to the following examples. 

Also, note that parts used in the examples denote weight parts. 
[Operational Examples, Comparison Examples] 

Silicone rubber consisting of 100 parts of rubber-like dimethyl 
polysiloxane containing 0.05 mol% of vinyl radicals and 2.0 parts of 
2 , 4-dichlorobenzoyl peroxide used as a vulcanizing agent, boron 
nitride, alumina, aluminum nitride, and quartz were used to prepare 
the compositions I - V shown in Table 1. 
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Table 1 



Composition 





I 


II 


III 


IV 


V 


Silicone rubber 


100 


100 


100 


100 


100 


Boron nitride 


150 








100 


Alumina 




1000 


600 


600 




Aluminum nitride 






200 




100 


Quartz 








300 





Next, 100 parts of each composition shown in Table 1 were 
dissolved in 100 parts of toluene to prepare processing liquids and 
used to filling-process a glass cloth using the method described 
below. Then, a coating or calendar-rolling method is used to 
gradually extruding the material into a sheet shape so as to form a 
silicone rubber layer on both sides of the f illing-processing layer 
of the glass cloth. Thus, heat conducting electric insulating sheets 
were prepared. 
<Filling-processing Method> 

A 0 . 1 mm thick glass cloth was immersed in a processing liquid 
as shown in Table 2 and press -adhered using two rollers and dried at 
70 °C for 10 min. to remove the solvent so as to perform unvulcanized 
filling-processing. The filling processing amount was 55 g/m 3 . 
<Coating Method> 

The processing liquid was coated over one side of the 
unvulcanized glass cloth filling-processed layer as shown in Table 2 
using a bar coater. Then, the solvent was removed by providing 60 °C 
hot air using an infrared ray dryer. Next, the other face of the 
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filling-processed layer was coated to prepare a silicone rubber layer 
on both sides of the glass cloth filling-processed layer. 

This material was vulcanized at 170 °C for 15 minutes to prepare 
a heat conductive silicone rubber sheet. 

<Gradual Extrusion to Form a Sheet Using a Calendar Roller > 

The compositions shown in Table 1 were discharged on one surface 
of the unvulcanized glass cloth filling-processed layer using three 
calendaring rollers. 

Next, the other surface of the filling-processed layer was 
coated in the same manner so that the silicone rubber layer could be 
formed on both sides of the glass cloth filling-processed layer. 

The prepared layer was vulcanized at 170 °C for 15 minutes to 
prepare a heat conductive silicone rubber sheet. 

The thickness and heat resistance of obtained heat conductive 
silicone rubber sheet and the adhesiveness between the glass cloth 
and silicone rubber layer were measured. Note that heat resistance 
and adhesiveness were measured using the following method. 
<Heat Resistance Measurement Method> 

A measuring sheet was mounted between a power transistor 
(2SD217, TO-3 type, Nihon Denki) and heat-radiator (YWA-L, 120 type, 
OS) and fixed with 5 Kg torque. Then, a DC current 4A, 7 V, was 
impressed to this device for 20 minutes. Next, when the temperature 
between the heat -radiator and transistor reached its balanced state, 
the temperature gap of both parts was measured, and the heat 



15 



resistance value (°C/W) was obtained from the impressed power 
consumption. 

<Adhesiveness Measuring Method for the Glass Cloth and Silicone 
Rubber Layer> 

After vulcanization, the glass cloth part of the vulcanized heat 
conductive silicone rubber sheet and silicone rubber layer part were 
manually pulled apart so as to examine the adhesiveness strength. 
The result was rated as "unsatisf actory" when both parts were easily 
separated when pulled apart, and the rest of the cases were rated as 
"satisf actory" . The test results are shown in Table 2. 
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Comparison example 3*: After performing filling-processing using 
composition I, the filling-processing material was vulcanized at 
170 °C for 10 minutes, to which the composition II was coated and 
vulcanized. 
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Key for Table 2: 





Processing liquid composition 


Physical characteristics of heat 
conductive silicone rubber sheet 




Filling- 
nrocess ino 
composition 


Coating 
comoosi tion 


Calendaring 

extrusion 

composition 


Sheet 
thickness 


Heat 

resistance 


Adhesiveness 
between the 
glass cloth 
and silicone 
rubber layer 


Operational 
example 












Satisfactory 


Comparison 
example 1 
2 
3 












Unsatisfactory 



4. Simple Explanation of the Figures /70 

Figs. 1 and 2 are cross-sectional diagrams showing the heat 
conductive electric insulating sheets based on the operational 
examples of this invention. 
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